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1. Introduction  
The soil/ground improvement by cement is an economical and worldwide method for 
pavement and earth structure works. Stabilization begins by mixing the in-situ soil in a 
relatively dry state with cement and water specified for compaction. The soil, in the 
presence of moisture and a cementing agent becomes a modified soil, i.e, particles group 
together because of physical-chemical interactions among soil, cement and water. Because 
this occurs at the particle level, it is not possible to get a homogeneous mass with the desired 
strength. Compaction is needed to make soil particles slip over each other and move into a 
densely packed state. In this state, the soil particles can be welded by chemical (cementation) 
bonds and become an engineering material (Horpibulsuk et al., 2006). To reduce the cost of 
ground improvement, the replacement of the cement by waste materials such as fly ash and 
biomass ash is one of the best alternative ways. In many countries, the generation of these 
waste materials is general far in excess of their utilization. A feasibility study of utilizing 
these ashes (waste materials) to partially replace Type I Portland cement is thus interesting. 
The effects of some influential factors, i.e., water content, cement content, curing time, and 
compaction energy on the laboratory engineering characteristics of cement-stabilized soils 
have been extensively researched (Clough et al., 1981; Kamon & Bergado, 1992; Yin & Lai, 
1998; Miura et al., 2001; Horpibulsuk & Miura, 2001; Horpibulsuk et al., 2003, 2004a, 2004b, 
2005, 2006, 2011a). The field mixing effect such as installation rate, water/cement ratio and 
curing condition on the strength development of cemented soil was investigated by Nishida 
et al. (1996) and Horpibulsuk et al. (2004c, 2006 and 2011b). Based on the available 
compression and shear test results, many constitutive models were developed to describe 
the engineering behavior of cemented clay (Gens and Nova, 1993; Kasama et al., 2000; 
Horpibulsuk et al., 2010a; Suebsuk et al., 2010 and 2011). These investigations have mainly 
focused on the mechanical behavior that is mainly controlled by the microstructure. The 
structure is fabric that is the arrangement of the particles, clusters and pore spaces in the soil 
as well as cementation (Mitchell, 1993). It is thus vital to understand the changes in 
engineering properties that result from the changes in the influential factors.   
This chapter attempts to illustrate the microstructural changes in cement-stabilized clay to 
explain the different strength development according to the influential factors, i.e., cement 
content, clay water content, fly ash content and curing time. The unconfined compressive 
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strength was used as a practical indicator to investigate the strength development. The 
microstructural analyses were performed using a scanning electron microscope (SEM), 
mercury intrusion porosimetry (MIP), and thermal gravity (TG) tests. For SEM, the cement 
stabilized samples were broken from the center into small fragments. The SEM samples 
were frozen at -195°C by immersion in liquid nitrogen for 5 minutes and evacuated at a 
pressure of 0.5 Pa at -40°C for 5 days (Miura et al., 1999; and Yamadera, 1999). All samples 
were coated with gold before SEM (JEOL JSM-6400) analysis. 
Measurement on pore size distribution of the samples was carried out using mercury 
intrusion porosimeter (MIP) with a pressure range from 0 to 288 MPa, capable of measuring 
pore size diameter down to 5.7 nm (0.0057 micron). The MIP samples were obtained by 
carefully breaking the stabilized samples with a chisel. The representative samples of 3-6 
mm pieces weighing between 1.0-1.5 g were taken from the middle of the cemented 
samples. Hydration of the samples was stopped by freezing and drying, as prepared in the 
SEM examination. Mercury porosimetry is expressed by the Washburn equation 
(Washburn, 1921). A constant contact angle (θ) of 140° and a constant surface tension of 
mercury (γ) of 480 dynes/cm were used for pore size calculation as suggested by Eq.(1) 
 ( )4 cos /D Pγ θ= −  (1) 
where D is the pore diameter (micron) and P is the applied pressure (MPa).  
Thermal gravity (TG) analysis is one of the widely accepted methods for determination of 
hydration products, which are crystalline Ca(OH)2, CSH, CAH, and  CASH, ettringite (Aft 
phases), and so on (Midgley, 1979). The CSH, CAH, and CASH are regarded as cementitious 
products. Ca(OH)2 content was determined based on the weight loss between 450 and 580°C 
(El-Jazairi and Illston, 1977 and 1980; and Wang et al., 2004) and expressed as a percentage 
by weight of ignited sample. When heating the samples at temperature between 450 and 
580°C, Ca(OH)2 is decomposed into calcium oxide (CaO) and water as in Eq. (2). 
 Ca(OH)2----------------------->  CaO + H2O  (2) 
Due to the heat, the water is lost, leading to the decrease in overall weight. The amount of 
Ca(OH)2 can be approximated from this lost water by Equation (2), which is 4.11 times the 
amount of lost water (El-Jazairi and Illston, 1977 and 1980). The change of the cementitious 
products can be expressed by the change of Ca(OH)2 since they are the hydration products. 
2. Compaction and strength characteristics of cement stabilized clay  
Compaction characteristics of cement stabilized clay are shown in Figure 1. The clay was 
collected from the Suranaree University of Technology campus in Nakhon Ratchasima, 
Thailand. It is composed of 2% sand, 45% silt and 53% clay. Its specific gravity is 2.74. The 
liquid and plastic limits are approximately 74% and 27%, respectively. Based on the Unified 
Soil Classification System (USCS), the clay is classified as high plasticity (CH). It is found 
that the maximum dry unit weight of the stabilized samples is higher than that of the 
unstabilized samples whereas their optimum water content is practically the same. This 
characteristic is the same as that of cement stabilized coarse-grained soils as reported by 
Horpibulsuk et al. (2006). The adsorption of Ca2+ ions onto the clay particle surface 
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decreases the repulsion between successive diffused double layers and increases edge-to-
face contacts between successive clay sheets. Thus, clay particles flocculate into larger 
clusters, which increases in the plastic limit with an insignificant change in the liquid limit 
(vide Table 1). As such, the plasticity index of the mixture decreases due to the significant 
increase in the plastic limit. Because the OWC of low swelling clays is mainly controlled by 
the liquid limit (Horpibulsuk et al., 2008 and 2009), the OWCs of the unstabilized and the 
stabilized samples are almost the same (vide Table 1). Figure 2 shows the compaction curve 
of the fly ash (FA) blended cement stabilized clay for different replacement ratios (ratios of 
cement to fly ash, C:F) compared with that of the unstabilized clay. Two fly ashes are 
presented in the figure: original, OFA (D50 = 0.03 mm) and classified, CFA (D50 = 0.009 mm) 
fly ashes. It is noted that the compaction curve of the stabilized clay is insignificantly 
dependent upon replacement ratio and fly ash particles. Maximum dry unit weight of the 
stabilized clay is higher than that of the unstabilized clay whereas their optimum water 
content is practically the same. 
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Fig. 1. Plots of dry unit weight versus water content of the uncemented and the cemented 
samples compacted under standard and modified Proctor energies (Horpibulsuk et al., 
2010b)  
 
Cement (%) 
Atterberg’s limits (%) OWC (%) γdmax (kN/m3) 
LL PL PI Std. Mod. Std. Mod. 
0 74.1 27.5 46.6 22.4 17.2 14.6 17.4 
3 74.1 45.0 29.1 22.2 17.5 16.2 18.5 
5 72.5 45.0 27.5 21.8 17.3 16.2 18.7 
10 71.0 44.8 26.2 22.0 17.4 16.4 18.8 
Table 1. Basic properties of the cemented samples 
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Fig. 2. Compaction curves of the OFA and CFA blended cement stabilized clay and the 
unstabilized clay (Horpibulsuk et al., 2009) 
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Fig. 3. Effect of compaction energy and curing time on strength development (Horpibulsuk 
et al., 2010b)  
Typical strength-water content relationships for different curing times and compacton 
energies of the stabilized samples are shown in Figure 3. The strength of the stabilized 
samples increases with water content up to 1.2 times the optimum water content and 
decreases when the water content is on the wet side of optimum. At a particular curing time, 
the strength curve depends on the compaction energy. As the compaction energy increases, 
the maximum strength increases and the water content at maximum strength decreases. For 
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the same compaction energy, the strength curves follow the same pattern for all curing 
times, which are almost symmetrical around 1.2OWC for the range of the water content 
tested. Figure 4 shows the strength versus water content relationship of the CFA blended 
cement stabilized clay at different replacement ratios after 60 days of curing compared with 
that of the unstabilized clay. The maximum strengths of the stabilized clay are at about 
1.2OWC whereas the maximum strength of the unstabilized clay is at OWC (maximum dry 
unit weight). This is because engineering properties of unstabilized clay are mainly 
dependent upon the densification (packing). 
 
Fig. 4. Strength versus water content relationship of the CFA blended cement stabilized clay 
at different replacement ratios and 60 days of curing (Horpibulsuk et al., 2009) 
Figure 5 shows the strength development with cement content (varied over a wide range) of 
the stabilized samples compacted under the modified Proctor energy at 1.2 OWC (20%) after 
7 days of curing. The strength increase can be classified into three zones. As the cement 
content increases, the cement per grain contact point increases and, upon hardening, 
imparts a commensurate amount of bonding at the contact points. This zone is designated as 
the active zone. Beyond this zone, the strength development slows down while still gradually 
increasing. The incremental gradient becomes nearly zero and does not make any further 
significant improvement. This zone is referred to as the inert zone (C = 11-30%). The strength 
decrease appears when C > 30%. This zone is identified as the deterioration zone.  
Influence of replacement ratio on the strength development of the blended cement stabilized 
clay compacted at water content (w) of 1.2OWC (w  = 20.9%) for the five curing times is 
presented in Figure 6. For all curing times, the samples with 20% replacement ratio exhibit 
almost the same strength as those with 0% replacement ratio. The 30 and 40% replacement 
samples exhibit lower strength than 0% replacement samples. The samples with 10% 
replacement ratio exhibit the highest strength since early curing time. The sudden strength 
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development with time is not found for all replacement ratios. This finding is different from 
concrete technology where the role of fly ash as a pozzolanic material comes into play after a 
long curing time (generally after 60 days). In other words, the strength of concrete mixed 
with fly ash is higher than that without fly ash after about 60 days of curing. 
ı Ķ Ĳı ĲĶ ĳı ĳĶ Ĵı ĴĶ ĵı ĵĶ Ķı
ı
Ķıı
Ĳııı
ĲĶıı
ĳııı
ĳĶıı
Ĵııı
ĴĶıı
ĵııı
Uů
ŤŰ
ůŧ
ŪůŦ
ť Ť
ŰŮ
űų
ŦŴ
ŴŪŷ
Ŧ Ŵ
ŵųŦ
ůŨ
ŵũ 
ĩŬ
őa
Ī
ńŦŮŦůŵ ŤŰůŵŦůŵ ĩ%Ī
ĸ ťaźŴ Űŧ ŤŶųŪůŨ
łŤŵŪŷŦ ŻŰůŦ
ŊůŦųŵ ŻŰůŦ ŅŦŵŦųŪŰųaŵŪŰů ŻŰůŦ
Sŵaůťaųť őųŰŤŵŰų ŦůŦųŨź, Ÿ = ĳķ%
ŎŰťŪŧŪŦť őųŰŤŵŰų ŦůŦųŨź, Ÿ = ĳı%
 
Fig. 5. Strength development as a function of cement content (Horpibulsuk et al., 2010b) 
ı
ĳııı
ĵııı
ķııı
Ĺııı
Ĳıııı
Ĳĳııı
Uů
ŤŰ
ůŧ
ŪůŦ
ť Ť
ŰŮ
űų
ŦŴ
ŴŪŷ
Ŧ Ŵ
ŵųŦ
ůŨ
ŵũ,
 q
u
 ĩŬ
őa
Ī
ń Ļ F
ŎŰťŪŧŪŦť őųŰŤŵŰų
ŃŪůťŦų ŤŰůŵŦůŵ = Ĳı%
ńŭaŴŴŪŧŪŦť ŧŭź aŴũ
Ÿ = ĳıįĺ%
ĳĹ ťaźŴ
ķı ťaźŴ
ĺı ťaźŴ
Ĳĳı ťaźŴ
ĸ ťaźŴ
Ĳıı Ļ ı ĺı Ļ Ĳı Ĺı Ļ ĳı ĸı Ļ Ĵı ķı Ļ ĵı
 
Fig. 6. Relationship between strength development and replacement ratio of the CFA 
blended cement stabilized clay at different curing times (Horpibulsuk et al., 2009) 
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3. Microstructure of cement stabilized clay  
3.1 Unstabilized clay 
For compacted fine-grained soils, the soil structure mainly controls the strength and 
resistance to deformation, which is governed by compaction energy and water content. 
Compaction breaks down the large clay clusters into smaller clusters and reduces the pore 
space. Figure 7 shows SEM photos of the unstabilized samples compacted under the 
modified Proctor energy at water contents in the range of 0.8OWC to 1.2OWC. On the wet 
side of optimum (vide Figure 7c), a dispersed structure is likely to develop because the 
quantity of pore water is enough to develop a complete double layer of the ions that are 
attracted to the clay particles. As such, the clay particles and clay clusters easily slide over 
each other when sheared, which causes low strength and stiffness. On the dry side of 
optimum (vide Figure 7a), there is not sufficient water to develop a complete double-layer; 
thus, the distance between two clay platelets is small enough for van der Waals type 
attraction to dominate. Such an attraction leads to flocculation with more surface to edge 
bonds; thus, more aggregates of platelets lead to compressible flocs, which make up the 
overall structure. At the OWC, the structure results from a combination of these two 
characteristics. Under this condition, the compacted sample exhibits the highest strength 
and stiffness.  
 
 
Fig. 7. SEM photos of the uncemented samples compacted at different molding water 
contents under modified Proctor energy (Horpibulsuk et al., 2010b) 
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3.2 Stabilized clay 
3.2.1 Effect of curing time 
Figure 8 shows SEM photos of the 10% cement samples compacted at w = 20% (1.2OWC) 
under the modified Proctor energy and cured for different curing times. After 4 hours of 
curing, the soil clusters and the pores are covered and filled by the cement gel (hydrated 
cement) (vide Figure 8a). Over time, the hydration products in the pores are clearly seen and 
the soil-cement clusters tend to be larger (vide Figures 8b through d) because of the growth 
of cementitious products over time (vide Table 2). 
The effect of curing time on the pore size distribution of the stabilized samples is illustrated 
in Figure 9. It is found that, during the early stage of hydration (fewer than 7 days of 
curing), the volume of pores smaller than 0.1 micron significantly decreases while the 
volume of pores larger than 0.1 micron slightly increases. This result shows that during 7 
days of curing, the cementitious products fill pores smaller than 0.1 micron and the coarse 
particles (unhydrated cement particles) cause large soil-cement clusters and large pore 
space. After 7 days of curing, the volume of pores larger than 0.1 micron tends to decrease 
while the volume of pores smaller than 0.1 micron tends to increase possibly because the 
cementitious products fill the large pores (larger than 0.1 micron). As a result, the volume of 
small pores (smaller than 0.1 micron) increases, and the total pore volume decreases. 
 
Fig. 8. SEM photos of the 10% cement samples compacted at 1.2OWC under modified 
Proctor energy at different curing times (Horpibulsuk et al., 2010b) 
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Curing time (days) Weight loss (%) Ca(OH)2 (%) 
7 1.52 6.25 
28 1.65 6.78 
60 1.85 7.63 
Table 2. Ca(OH)2 of the 10% cement samples compacted at 1.2OWC at different curing times 
under modified Proctor energy (Horpibulsuk et al., 2010b) 
3.2.2 Effect of cement content 
Figures 10 and 11 and Table 3 show the SEM photos, pore size distribution, and the amount 
of Ca(OH)2 of the stabilized samples compacted at w = 20% under the modified Proctor 
energy for different cement contents after 7 days of curing. Figures 10a-c, 10d-g, and 10h-j 
show SEM photos of the cemented samples in the active, inert, and deterioration zones, 
respectively. The SEM photo of the 3% cement sample (Figure 10a) is similar to that of the 
unstabilized sample because the input of cement is insignificant compared to the soil mass. 
As the cement content increases in the active zone, hydration products are clearly seen in the 
pores (vide Figures 10b and c) and the cementitious products significantly increase (Table 3).  
The cementitious products not only enhance the inter-cluster bonding strength but also fill 
the pore space, as shown in Figure 11: the volume of pores smaller than 0.1 micron is 
significantly reduced with cement, thus, the reduction in total pore volume. As a result, the 
strength significantly increases with cement. For the inert zone, the presence of hydration 
products (Figures 10d to g) and cementitious products (Table 3) is almost the same for 15-
30% cement. This results in an insignificant change in the pore size distribution and, thus, 
the strength. For the deterioration zone (Figure 10h-j), few hydration products are detected. 
Both the volumes of the highest pore size interval (1.0-0.1 micron pores) and the total pore 
tend to increase with cement (Figure 11). This is because the increase in cement content 
significantly reduces the water content, which decreases the degree of hydration and, thus, 
cementitious products (Table 3).  
3.2.3 Effect of fly ash 
Figures 12 and 13 show SEM photos of the CFA blended cement stabilized clay compacted 
at w = 1.2OWC (w = 20.9%) and cured for 28 and 60 days at different replacement ratios. The 
fly ash particles are clearly shown among clay-cement clusters especially for 30% 
replacement ratio (C:F = 70:30) for both curing times (Figures 12a and 13a). It is noted that 
the hydration products growing from the cement grains connect fly ash particles and clay-
cement clusters together. Some of the surfaces of fly ash particles are coated with layers of 
amounts of hydration products. However, they are still smooth with different curing times. 
This finding is different from concrete technology where the precipitation in the pozzolanic 
reaction is indicated by the etching on fly ash surface (Fraay et al., 1989; Berry et al., 1994; Xu 
and Sarker, 1994; and Chindapasirt et al., 2005). This is because the input of cement in 
concrete is high enough to produce a relatively high amount of Ca(OH)2 to be consumed for 
pozzolanic reaction. Its water to binder ratio (W/B) is generally about 0.2-0.5, providing 
strength higher than 30 MPa (30,000 kPa) at 28 days of curing, whereas for ground 
improvement, the W/B is much lower. From this observation, it is thus possible to conclude 
that the pozzolanic reaction is minimal for strength development in the blended cement 
stabilized clay. 
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Fig. 9. Pore size distribution of the 10% cement samples compacted at different curing times 
under modified Proctor energy after 7 days of curing (Horpibulsuk et al., 2010b) 
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Fig. 10. SEM photos of the cemented samples compacted at different cement contents under 
modified Proctor energy after 7 days of curing (Horpibulsuk et al., 2010b) 
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Fig. 10. (Continued) 
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Fig. 11. Pore size distribution of the cemented samples compacted at different water 
contents and under modified Proctor energy after 7 days of curing time (Horpibulsuk et al., 
2010b) 
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Improvement zones Cement (%) Weight loss (%) Ca(OH)2 (%) 
 
Active 
3 1.34 5.51 
7 1.50 6.17 
11 1.60 6.58 
 
Inert 
15 1.62 6.66 
20 1.65 6.78 
30 1.68 6.90 
 
Deterioration 
35 1.54 6.33 
40 1.48 6.08 
45 1.37 5.63 
Table 3. Ca(OH)2 of the cemented samples compacted at different cement contents under 
modified Proctor energy after 7 days of curing. 
 
 
 
 
 
 
 
 
Fig. 12. SEM photos of the blended cement stabilized clay at different replacement ratios 
after 28 days of curing (Horpibulsuk et al., 2009) 
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Fig. 13. SEM photos of the blended cement stabilized clay at different replacement ratios 
after 60 days of curing (Horpibulsuk et al., 2010b) 
Figure 14 shows the pore size distribution of the CFA blended cement stabilized clay at 
different curing times and replacement ratios. The pore size distribution for all replacement 
ratios is almost identical since the grain size distribution and D50 of PC and CFA are 
practically the same. This implies that the strength of blended cement stabilized clay is not 
directly dependent upon only pore size distribution. However, it might control permeability 
and durability. With time, the total pore and large pore (>0.1 micron) volumes decrease 
while the small pore (<0.1 micron) volume increases. This is due to the growth of 
cementitious products filling up pores.  
Table 4 shows Ca(OH)2 of the blended cement stabilized clay at w = 1.2OWC for different 
curing times. For a particular water content and curing time, Ca(OH)2 for the CFA blended 
cement stabilized clay decreases with replacement ratio only when the replacement ratio is 
in excess of a certain value. This finding is different from concrete technology in which 
Ca(OH)2 decreases significantly with the increase in fineness and replacement ratio (Berry et 
al., 1989; Sybertz and Wiens, 1991; and Harris et al., 1987; and Chindapasirt et al., 2005 and 
2006; and others) due to pozzolanic reaction. The highest Ca(OH)2 is at 10% replacement 
ratio (C:F = 90:10) for all curing times. For replacement ratios higher than 10%, Ca(OH)2 
decreases with replacement ratio. Ca(OH)2 at 20% replacement ratio is almost the same as 
that at 0% replacement ratio. This finding is associated with the strength test results that the 
10% replacement ratio gives the highest strength and the strengths for 0% and 20% 
replacement ratios are practically the same for all curing times. It is thus concluded that 
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cementitious products mainly control the strength development. In other words, the 
strengths of the blended cement stabilized clay having different mixing condition (binder 
content, replacement ratios, and curing time) could be identical as long as cementitious 
products are the same. 
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Fig. 14. Pore size distribution of the blended cement stabilized clay at different replacement 
ratios and curing times (Horpibulsuk et al., 2010b) 
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Curing time 
(days) 
Replacement 
ratio 
C : F 
Fly ash Ca(OH)2 (%) 
Test 
(Combined 
effect) 
Hydration Induced 
(dispersion 
effect) 
7 100:0 - 6.67 6.67 0.00 
 90:10 CFA 6.97 6.00 0.97 
 80:20 CFA 6.79 5.34 1.45 
 70:30 CFA 6.39 4.67 1.72 
28 100:0 - 6.79 6.79 0.00 
 90:10 CFA 6.96 6.11 0.85 
 80:20 CFA 6.81 5.43 1.38 
 70:30 CFA 6.57 4.75 1.82 
60 100:0 - 6.82 6.82 0.00 
 90:10 CFA 7.16 6.14 1.02 
 80:20 CFA 6.92 5.46 1.46 
 70:30 CFA 6.68 4.77 1.91 
90 100:0 - 7.07 7.07 0.00 
 90:10 CFA 7.28 6.36 0.91 
 80:20 CFA 6.94 5.66 1.28 
 70:30 CFA 6.67 4.95 1.72 
120 100:0 - 7.08 7.08 0.00 
 90:10 CFA 7.29 6.37 0.92 
 80:20 CFA 6.96 5.66 1.30 
 70:30 CFA 6.70 4.96 1.74 
 
Table 4. Ca(OH)2 of the blended cement stabilized clay at different replacement ratios and 
curing times. 
From SEM and MIP observation, it is notable that the small pore (<0.1 micron) volumes of 
the blended cement stabilized clay are higher than those of the cement stabilized clay. This 
implies that a number of large clay-cement clusters possessing large pore space reduce 
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when fly ashes are utilized. In other words, the fly ashes disperse large clay-cement clusters 
into small clusters, resulting in the increase in small pore volume. The higher the 
replacement ratio, the better the dispersion. Consequently, the reactive surfaces increase, 
resulting in the increase in cementitious products as illustrated by dispersion induced 
Ca(OH)2 (vide Table 4). It is the difference in Ca(OH)2 of the blended cement stabilized clay 
due to the combined effect (hydration and dispersion) and due to hydration. Ca(OH)2 due to 
combined effect is directly obtained from TG test on the blended cement stabilized sample. 
Ca(OH)2 due to hydration is also obtained from TG test on the cement stabilized sample 
having the same cement content as the blended cement stabilized sample. For simplicity, 
Ca(OH)2 due to hydration at any cement content can be estimated from known Ca(OH)2 of 
cement stabilized clay at a specific cement content by assuming that the change in the 
cementitious products is directly proportional to the input of cement (Sinsiri et al., 2006). 
Thus, Ca(OH)2 due to hydration (H) for any replacement ratio at a particular curing time is 
approximated in the form. 
 ( )1 /100H T F= × −  (3) 
where T is known Ca(OH)2 of the cement stabilized clay (0% replacement ratio) obtained 
from TG test, and F is the replacement ratio expressed in percentage. Sinsiri et al. (2006) 
have shown that Ca(OH)2 of the cement paste with fly ash is always lower than Ca(OH)2 of 
the cement paste without fly ash, resulted from Ca(OH)2 consumption for pozzolanic 
reaction. The same is not for the blended cement stabilized clay. It is found that Ca(OH)2 
due to combined effect is higher than that due to hydration for all replacement ratios and 
curing times. The dispersion induced Ca(OH)2 increases with the replacement ratio for all 
curing times. 
4. Conclusions 
This chapter presents the role of curing time, cement content and fly ash content on the 
strength and microstructure development in the cement stabilized clay. The following 
conclusions can be advanced: 
1. The strength development with cement content for a specific water content is classified 
into three zones: active, inert and deterioration. In the active zone, the volume of pores 
smaller than 0.1 micron significantly decreases with the addition of cement because of 
the increase in cementitious products. In the inert zone, both pore size distribution and 
cementitious products change insignificantly with increasing cement; thus, there is a 
slight change in strength. In the deterioration zone, the water is not adequate for 
hydration because of the excess of cement input. Consequently, as cement content 
increases, the cementitious products and strength decreases. 
2. The flocculation of clay particles due to the cation exchange process is controlled by 
cement content, regardless of fly ash content. It results in the increase in dry unit weight 
with insignificant change in liquid limit. Hence, OWCs of stabilized and unstabilized 
silty clay (low swelling clay) are practically the same. 
3. The surfaces of fly ash in the blended cement stabilized clay are still smooth for 
different curing times and fineness, suggesting that pozzolanic reaction is minimal. Fly 
ash is considered as a dispersing material in the blended cement stabilized clay. This is 
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different from the application of fly ash as a pozzolanic material in concrete structure in 
which Ca(OH)2 from hydration is much enough to be consumed for pozzolanic 
reaction. 
4. From the microstructural investigation, it is concluded that the role of fly ash as a non-
interacting material is to disperse the cement-clay clusters with large pore space into 
smaller clusters with smaller pore space. The dispersing effect by fly ash increases the 
reactive surfaces, and hence the increase in degree of hydration as clearly illustrated by 
the increase in the induced Ca(OH)2 with replacement ratio and fineness.  
5. The increase in cementitious products with time is observed from the scanning electron 
microscope, mercury intrusion porosimetry and thermal gravity test. With time, the 
large pore (>0.1 micron) and total pore volumes decrease while the small pore (<0.1 
micron) volumes increase. This shows the growth of the cementitious products filling 
up the large pores. 
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